When the 5-fluorouracil, leucovorin, and oxaliplatin (FOLFOX) chemotherapy regimen is used to treat colorectal cancer (CRC), chemotherapy-induced peripheral neuropathy (CIPN) caused by oxaliplatin can substantially affect quality of life (QOL) in the CRC patients. This study compared emotional distress and QOL during FOLFOX in CRC patients with and without CIPN symptoms.
Introduction
Colorectal cancer (CRC) is the third most common cancer in the United States and the most common cancer in Taiwan. [1, 2] Although chemotherapy prolongs survival in cancer patients, some chemotherapeutic agents can cause chemotherapy-induced peripheral neuropathy (CIPN), which can affect quality of life (QOL). [3, 4] Commonly used chemotherapy agents known to cause CIPN include (1) platinum compounds, (2) vinca alkaloids, (3) taxanes, and (4) others, including thalidomide, lenalidomide, and bortezomib. [5] Notably, CIPN is a major side effect of oxaliplatin in the chemotherapy regimen comprising oxaliplatin, 5-fluorouracil, and leucovorin (FOLFOX) in CRC patients with stage III and IV. In Seretny et al, a review of 12 studies of CRC patients receiving oxaliplatin revealed that 40.6% to 93.7% of the CRC patients developed CIPN symptoms. [6] Another study reported that 65% to 98% of CRC patients suffer acute neurotoxicity after oxaliplatin infusion. [7] However, the incidence and severity of neurotoxicity are significantly lower when the duration of chemotherapy is short. [8] A 3-month course of FOLFOX is apparently sufficient for low-risk CRC patients (T1-T3 or N1). However, in high-risk CRC patients (T4 or N2) treated with FOLFOX, the 3-year disease-free survival rate after 6 months of therapy exceeds that after 3 months of therapy. [8] Several studies have investigated how dose de-escalation can maintain QOL in CRC patients undergoing FOLFOX chemotherapy. [9, 10] In CRC patients undergoing chemotherapy, those with CIPN are usually given a reduced dose, even if chemotherapy is effective. The reduced dose can then potentially delay or even prevent achievement of treatment goals. [3] The severity of CIPN usually correlates positively with the cumulative dose of oxaliplatin. The current clinical recommendation is that the cumulative oxaliplatin dose should not exceed 850 mg/ m. [1, 3, 5, 11] Additionally, oxaliplatin should be discontinued in the event of severe neurotoxicity.
The platinum contained in oxaliplatin induces chronic CIPN by forming complexes (adducts) with DNA in neurons of the dorsal root ganglion. The adducts then inhibit DNA replication and cause apoptosis. [12] In most cases of oxaliplatin-induced CIPN, neuropathy occurs mainly in the sensory nerves. [3] Motor symptoms are relatively less common. Acute symptoms that may occur from several hours to several days after injection include numbness, tingling, coldness-induced paresthesia of the peripheral limbs, paresthesia around the mouth, difficulty swallowing while drinking cold water, shortness of breath, numbness, cramps, jaw stiffness, and changes in auditory and visual receptive fields. [5, 13] An oxaliplatin dose exceeding 175 to 200 mg/m 2 can cause hypoesthesia unrelated to coldness and paresthesia of the distal ends of limbs. [14] Chronic symptoms include sensory loss, reduction of deep tendon reflexes, and abnormal proprioception. Pachman et al (2015) investigated acute and chronic neuropathy experienced by 308 patients after 1 to 12 cycles of adjuvant FOLFOX. The authors reported that the severity of acute neuropathy symptoms tend to be more severe with cycle 2 than with cycle 1, and then have similar patterns for cycles 3 to 12. [15] Studies show CIPN symptoms resulting in discomfort, functional limitations, anxiety, and depression can have signifi-cant negative impacts on daily activity, social life, ability to perform family functions, ability to perform job duties, and overall QOL. [3] However, patients are usually willing to tolerate these symptoms to avoid further deterioration of their condition caused by interruptions or changes in treatment. Health professionals often overlook CIPN symptoms and lack the knowledge needed to administer appropriate care.
Until now, most studies of QOL in CRC patients have focused on factors relevant to QOL before and after treatment. [11, 16] Some studies have explored how CIPN affects QOL in CRC patients. [17] For example, 1 qualitative study explored the emotional response to CIPN in CRC patients. [18] In another study, the relationship between CIPN and psychological distress was compared between CRC survivors with high and low CIPN levels. However, no studies have compared emotional distress and QOL during FOLFOX in CRC patients with and without CIPN. Thus, the aims of this study were to (1) 
Methods

Design, setting, and sample
In this comparative cross-sectional study with purposive sampling, data collection was performed by structured questionnaires. The data collection settings were the departments of gastroenterology and general surgery at Kaohsiung Medical University Hospital and at Kaohsiung Municipal Hsiao-Kang Hospital in southern Taiwan. Data were collected from December, 2013 to April, 2015. The inclusion criteria were (1) age 20 years or older, Chinese version of the oxaliplatin-associated neuropathy questionnaire was used to assess the incidence of CIPN caused by oxaliplatin in CRC patients and to collect data needed to evaluate symptom severity. [19] The questionnaire was divided into 3 parts for assessing CIPN in the upper limbs, lower limbs, and oral/ facial regions. The score for each part ranged from 1 to 5 points for low to high severity of CIPN and its impacts on daily activities, respectively. Symptom severity score was converted to neurotoxicity grade as follows: no symptoms for severity score of 0, grade 1 for severity score of 1 to 2, grade 2 for severity score of 3, grade 3 for severity score of 4, and grade 4 for severity score of 5. Neurotoxicity grades 1 to 4 were defined as follows: grade 1, symptoms that had a short duration and did not interfere with activities of daily living (ADL); grade 2, symptoms that interfered with certain functions but did not interfere with ADL; grade 3, pain or functional impairment that interfered with ADL; and grade 4, persistent symptoms that were are disabling or lifethreatening. Tests of content validity by 3 experts obtained a content validity index (CVI) of 0.92 in this study.
POMS-S.
Yang translated and modified the 37-item POMS-S to measure the most common emotional responses (anxiety and depression) in a Taiwan population of cancer patients. [20] In the CRC patients investigated in the current study, emotional distress experienced during chemotherapy completed in the past 7 days was investigated using the 6-item tensionanxiety subscale and the 8-item depression-dejection subscale developed by. [21] These subscales measure tension-anxiety and depression-dejection using a 5-point Likert scale from 0 to 4 (none, a little, some, moderate, and extreme, respectively); total scores ranges are 0 to 24 in the Tension Anxiety subscale, 0 to 32 in the depression-dejection subscale, and 0 to 56 for both subscales summed together. A high score indicates a high severity of emotional distress. [21] In the Chinese version of the POMS-S used in this study, the tension-anxiety and depression-dejection subscales obtained CVI values of 0.94 and 0.99 and Cronbach alpha values of 0.85 and 0.93, respectively.
QOL questionnaire.
This study used a Chinese version of the EORTC QLQ-C30, version 3.0. [17, 22] This 30-item questionnaire assesses functional status, global health status, and symptoms in the past week. The instrument includes a global health status dimension (2 questions about global health status/ QOL), a functional dimension (5 questions about physical functioning, 2 questions about role functioning, 4 questions about emotional functioning, 2 questions about cognitive functioning, 2 questions about social functioning), and a symptoms dimension (13 questions regarding symptom scales/ items). [23] Questions about functioning and symptoms are answered with a Likert scoring system from 1 to 4 (not at all, only a little, some, a lot, respectively). Questions about global health status are answered using a Likert scoring system from 1 point (very poor) to 7 points (very good). The QOL was selfassessed by patients. For each part of the instrument, scores were added to obtain a total score. The scores for the EORTC QLQ-C30 were converted to standard scores of 0 to 100. High scores for the functioning and global health status/QOL groups were interpreted as better functioning and better QOL, respectively. High scores for the symptom scales group or for the single questions were interpreted as high severity of symptoms. [23] The QLQ-C30 scale used in this study had a CVI of 0.94 and a Cronbach a of 0.85.
Procedure
After obtaining approval from the internal review board at this institution (KMUH-IRB-20130275), a pilot study was performed to evaluate the instrument and procedure used for data collection. The data collection settings were the departments of gastroenterology and general surgery at a local teaching hospital and at a medical center in southern Taiwan. The aims, procedures, and approaches of the study were explained to all patients before enrollment in the study. The patients were also assured that participation in the study would not affect their rights to receive medical care. Upon agreement, the patients were asked to complete the consent form and questionnaires. A researcher was available to assist participants who could not complete the forms due to illiteracy or physical impairment. After completing the questionnaire, all participants received a gift as a token of appreciation for participating in the study. 
Statistical analysis
Results
Of the 71 patients who met the inclusion criteria, 3 declined to participate (1 did not feel well, and 2 were reluctant to disclose personal information). Therefore, 68 subjects completed the questionnaires, which was a 95.8% completion rate. According to the oxaliplatin-associated neuropathy questionnaire, 45 of 68 subjects (66.2%) who presented with CIPN-associated symptoms were assigned to the CIPN group, and the remaining 23 subjects (33.8%) were assigned to the non-CIPN group. The patients had an average age of 57.75 years (± 10.87). In both groups, the median number of completed treatment cycles was 4 (range, 2-12 cycles completed in CIPN group and 2-8 cycles completed in non-CIPN group). Table 1 shows the relevant demographic and disease characteristics. Comparisons of demographic variables showed that the groups significantly differed in gender (x 2 = 6.14, P = .013). In both the CIPN and non-CIPN groups, the 2-way ANOVA results showed no significant gender differences in emotional distress, that is, anxiety (P = .93) or depression (P = .63). In terms of QOL, neither group showed significant gender differences in global health status (P = .91), functioning (P = .58), or symptoms (P = .87). Additionally, neither group had significant gender differences in emotional distress (anxiety, depression) or QOL (global health status, functioning, symptoms). However, the CIPN group and the non-CIPN group significantly differed in cancer stage (P = .04) and total chemotherapy dose (P = .006) ( Table 1 ). In a 2-way ANOVA with control for the effects of total chemotherapy dose, cancer stage showed no association with emotional distress or with QOL in either the CIPN group or non-CIPN group.
CIPN
Most CIPN symptoms affected the upper limbs. The 5 most common symptoms were coldness-related burning sensation or discomfort in the upper limbs, numbness in the upper limbs, tingling in the upper limbs, impairment of vision, and discomfort in the throat. The results showed that all symptoms had low average values, and 40% of the patients had no symptoms. Additionally, symptoms were lower than grade 2 in patients who did have symptoms ( Table 2) .
Emotional distress
Both groups had low scores for emotional distress-anxiety and depression. The 2 groups did not significantly differ in anxiety (P = .065) or in depression (P = .135) Table 3 . 
QOL
In both the CIPN and the non-CIPN groups, the highest QOL score was in physical functioning, and the lowest QOL score was in social functioning (Table 4 ). Appetite loss had the highest score and was the most severe symptom in both groups. The CIPN and non-CIPN groups significantly differed in functioning (P = .001), symptoms (P < .001) and global health status of QOL (P < .001).
Compared to the CIPN group, the non-CIPN group had higher scores for functioning and global health status, which indicated a better overall functional status and global health status. In the functional dimension, the non-CIPN group also had significantly higher scores for physical functioning (P = . 003), role functioning (P = .019), cognitive functioning (P = .024), and social functioning (P = .002) compared to the CIPN group. However, the 2 groups did not significantly differ in scores for emotional functioning (P = .207) ( Table 4 ). Regarding symptoms, the CIPN group had significantly higher scores for fatigue (P = .001), nausea and vomiting (P = .013), pain (P = .011), dyspnea (P = .040), insomnia (P = .002), appetite loss (P < .001), constipation (P = .041), and diarrhea (P = .009). However, the scores for economic difficulties did not significantly differ between the 2 groups.
Discussion
The demographic data showed that the subjects of this study had an average age of 57.75 years, which approximates the average age of 53 to 63 years reported in other studies performed in Taiwan and elsewhere. [11, 13, 24] The subjects of our study were predominantly male, which is also consistent with most CRC studies. [16] The most common education category was high school, and the second most common was primary school. Most subjects were unemployed/retired, not religious, married, and living with their families, which is consistent with the literature in Taiwan and in other countries. The most common disease category was stage III CRC followed by stage IV CRC, which is consistent with Lu (2012) and is consistent with the NCCN (2018) clinical guideline that patients in CRC stages III and IV should have priority for FOLFOX chemotherapy. [24, 25] The number of cycles and cumulative dose of chemotherapy have a well-established relationship with CIPN symptom severity. [3, 26] The average values for all symptoms were low in this study, possibly because a large portion of patients (51.1%, 23 patients) in the CIPN group had only completed 1 to 3 cycles of chemotherapy. Therefore, the average cumulative dose in the CIPN group was lower than the averages reported in the literature (eg, 695-1379 mg/m 2 ) but was comparable to the average cumulative dose of 607.18 mg/m 2 reported in the literature. [27, 28] Many studies have characterized oxiplatin-induced neurotoxicity in terms of its unique sensory and motor symptoms (cold sensitivity, throat discomfort, muscle cramps, perioral numbness, etc), [3, 13, 15] which occur within hours to days after treatment with a drug similar to that used in our study. In our study, patients with oxiplatin-induced neurotoxicity often complained of pain from touching cold objects or drinking cold water. Other symptoms commonly experienced by the CIPN patients in our study included numbness and tingling. Upper extremity symptoms were more common than lower extremity symptoms. These results are consistent with other studies. [15] However, impairment of vision was less common in our study compared to previous reports. [29] Patients with CIPN endure and manage their side effects in different ways to restore normality in their daily lives. The responsibility of the nurse is to support patients in developing the self-care ability needed to maintain their health. Specific guidelines for assessing and managing CIPN have emerged. For example, patients who present with numbness or cold-induced tingling in the hands are advised to avoid touching cold objects and drinking cold water and are advised to wear gloves or scarves to protect the hands and throat. Symptoms of emotional distress such as anxiety and depression are common in CRC patients and may increase the difficulty and complexity of treatment. A qualitative study by Kanda et al (2017) explored the emotional response to CIPN in CRC patients who had completed 6 cycles of FOLFOX6. Patients reported suffering emotional distress (anxiety, helplessness, fear) caused by inability to cope with numbness, inability to perform ADL independently, fear for physical safety, fear of the threat of cancer, and fear of the inability to tolerate side effects of treatment such as numbness. [18] Additionally, Bonhof et al (2019) examined the relationships between CIPN and psychological distress (ie, anxiety and depression) and fatigue. The authors reported that the CRC survivors with high CIPN scores (upper 30%; n = 172) had more anxiety, depressive symptoms, and fatigue compared to those with low CIPN scores (lower 30%; n = 299). In our study, anxiety and depression did not significantly differ between CRC patients with CIPN and CRC patients without CIPN because those with CIPN had low average values and because the sample size was small.
A CIPN can significantly affect QOL. [30] In an earlier study, Mols et al (2013) used the EORTC QLQ-CIPN20 and QLQ-C30 questionnaires to investigate 26 CRC patients. [31] Patients with the highest 10% of scores for sensory neurological symptoms were assigned to the high score group, and the remaining patients were assigned to the low score group. As in our patients, the low score group had significantly higher QOL compared to the high score group. [31] In the functioning dimension of QOL, the scores for physical functioning, role functioning, cognitive functioning, and social functioning were significantly higher in the non-CIPN group than in the CIPN group. Patients with CIPN have various ADL challenges, including fastening buttons, holding cups, using chopsticks, opening jars, writing, turning pages, holding pots and pans, and walking. [18] Severe loss of function may cause weak dorsiflexion of the feet with subsequent foot drop. Some patients report that they often stumble when walking and that they need to hold handrails to avoid losing balance when using stairs. Symptoms of CIPN can disrupt ADL, functions, and behaviors, and patients often express feelings of frustration and depression when their symptoms prevent them from enjoying various activities. [29] Tabata et al (2018) investigated upper extremity changes, ADL, and QOL(QLQ-C30) at baseline and before the second cycle of drug therapy in 38 CRC patients undergoing FOLFOX or capecitabine-oxaliplatin therapy. After the first cycle, loss of light tough sensation, loss of physical function and role function, nausea and vomiting, and dyspnea significantly increased in severity. However, objective assessments in Tabata et al (2018) showed no worsening of upper extremity function since the total chemotherapy dose was low.
Notably, social functioning had the lowest score in the functioning dimension in both groups, and social functioning was significantly lower in the CIPN group compared to the non-CIPN group, which indicated that CIPN symptoms had significant negative effects on family life and social activities. However, the CIPN symptoms did not significantly affect emotional function evaluated in terms of tension, worry, irritability, and depression. Symptoms of CIPN can also negatively affect relationships with family, friends, and colleagues, which then impairs social function. An earlier study by Kim et al (2011) in South Korea administered the QLQ-C30 questionnaire in a sample of 93 CRC patients with CIPN, which included 53 patients who had received FOLFOX25. As in Kim et al (2011) , the score for social functioning in our patients was the lowest score for the functioning dimensions. Regarding symptoms, the CIPN group had significantly higher scores for fatigue, nausea and vomiting, pain, dyspnea, insomnia, appetite loss, constipation, and diarrhea compared to the non-CIPN group. The highest symptom scores were for appetite loss followed by fatigue and insomnia, which is consistent with Kim et al. [32] However, financial difficulties did not significantly differ between the 2 groups in this study. Since no standard treatment for CIPN has emerged, current strategies usually focus on protective managements (eg, patients are advised to wear gloves, avoid touching cold objects, etc) that have a limited financial impact on the patient and/or healthcare system.
Conclusions
Study limitations
A noted limitation of this study is that its cross-sectional design may have had limited accuracy in identifying the peak period of CIPN and may not have clearly depicted changing trends in emotional distress and QOL during the course of chemotherapy. The sample was recruited from a local teaching hospital and a local medical center, which limits the potential generalizability of the results. Thus, the results should be replicated in larger samples of CRC patients from various hospitals. Another limitation is that the short-term injection treatment administered in the hospital greatly increased the difficulty of recruiting subjects. In future studies, data should be collected in the first cycle of oxaliplatin-related combination chemotherapy and in each cycle thereafter until the end of treatment to obtain accurate data for identifying trends and changes in CIPN symptoms, emotional distress, and QOL.
Clinical implications
The results of this study suggest that, when FOLFOX is the selected treatment regimen for CRC patients who require ongoing treatment, the stop-and-go strategy proposed by Tournigand et al (2006) should be applied. High-risk patients (with T4, N2, or both), however, may require longer treatment. [8] Therefore, appropriate prevention and treatment strategies may improve CIPN in CRC patients undergoing FOLFOX. For example, physical therapy may be suggested to improve daily function and QOL in CIPN patients by strengthening muscles, by maintaining fine motor function in the upper limbs, which is essential for activities such as writing and threading a needle, [26] and by maintaining coarse motor function in the lower limbs, which is essential for a normal gait and balance. [33] Balance training can induce neuronal adaptations and can improve postural control by increasing muscle strength. [30] Additionally, physical activity (eg, bicycling, somatic yoga and meditation [30, 34] and complementary therapies (eg, acupuncture [35] ; may help to prevent or reduce CIPN symptom). [36] Some patients may benefit from a combined strategy (eg, physical activity, advance planning, and simplified ADL) to deal with CIPN symptoms. [18] For treating CIPN, some evidence suggests that medications such as Duloxetine may be effective [37] and that antioxidants and herbal extracts may be effective (eg, Nacetylcysteine, Goshajinkigan, [38] Jianwei Hiangqi Guizhi Wuwu Decoction, and glutamine). [36] Finally, Wesselink et al (2018) reported that magnesium supplements can significantly decrease the prevalence of CIPN. [39] The results of this study demonstrate the need for in-service courses specifically designed to train health professionals in assessing and managing CIPN symptoms, emotional distress, and QOL in CRC patients undergoing combination chemotherapy that includes oxaliplatin-related agents. Patients should be educated to recognize CIPN symptoms and to recognize sensory abnormalities induced by cold temperature in the hands, feet, mouth, throat, and so on. Moreover, patients should be reminded to note details of symptoms such as the time of occurrence, the duration, and any changes in severity. Healthcare professionals can also minimize anxiety and depression in patients undergoing chemotherapy by clearly explaining the course of treatment and by addressing their concerns about CIPN side effects. A careful assessment of the psychological condition of patients can help to identify contributors to anxiety and depression, and highly distressed patients can be referred for psychological consultation. To maximize care quality and assistance for CRC patients with CIPN, further longitudinal studies are needed to collect empirical data that can be used to design interventions for improving QOL in these patients.
